We explored the genetic diversity of the clustered regularly interspaced short palindromic repeat (CRISPR) regions of enterohemorrhagic Escherichia coli (EHEC) to design simplex real-time PCR assays for each of the seven most important EHEC serotypes worldwide. A panel of 958 E. coli strains investigated for their CRISPR loci by high-throughput real-time PCR showed that CRISPR polymorphisms in E. coli strongly correlated with both O:H serotypes and the presence of EHEC virulence factors (stx and eae genes). The CRISPR sequences chosen for simplex real-time PCR amplification of EHEC strains belonging to the top 7 EHEC serogroups differentiated clearly between EHEC and non-EHEC strains. Specificity estimates for the CRISPR PCR assays varied from 97.5% to 100%. Sensitivity estimates for the assays ranged from 95.7% to 100%. The assays targeting EHEC O145: H28, O103:H2, and O45:H2 displayed 100% sensitivity. The combined usage of two simplex PCR assays targeting different sequences of the O26 CRISPR locus allowed detection of EHEC O26:H11 with 100% sensitivity. By combining two simplex PCR assays targeting different sequences of the EHEC O157 CRISPR locus, EHEC O157:H7 was detected with 99.56% sensitivity. EHEC O111:H8 and EHEC O121:H19 were detected with 95.9% and 95.7% sensitivity, respectively. This study demonstrates that the identification of EHEC serotype-specific CRISPR sequences is more specific than the mere identification of O-antigen gene sequences, as is used in current PCR protocols for detection of EHEC strains.
S higa toxin-producing Escherichia coli (STEC) strains are a diverse group of E. coli strains belonging to over 400 E. coli O:H serotypes, some of which cause outbreaks and sporadic cases of food-borne illnesses ranging from diarrhea to hemorrhagic colitis (HC) and the hemolytic-uremic syndrome (HUS) (11, 15, 16) . According to their pathogenicity for humans, the latter strains were also designated enterohemorrhagic E. coli (EHEC) (17, 18) . Numerous cases of HC and HUS have been attributed to EHEC O157:H7 strains (25) , but it has now been recognized that other STEC serotypes belong to the EHEC group (8, 24) . Cumulative evidence from numerous countries indicates that up to 30 to 60% of human EHEC infections are caused by non-O157 EHEC strains (7) . There are seven "priority" EHEC serotypes most frequently implicated in outbreaks and sporadic cases of HC and HUS (8, 24) . These comprise serotypes O26:H11, O45:H2, O103:H2, O111:H8, O121:H19, O145:H28, and O157:H7 and their nonmotile derivatives.
Although regulations are disparate throughout the world, many food inspection programs aim at detecting STEC strains that pose a significant threat to human health in foods that are the most likely to disseminate EHEC and to be consumed raw or undercooked. Some beef products are thus of particular interest in that aspect. The U.S. regulations have precisely been revised to add 6 additional serogroups (O26, O103, O45, O111, O121, and O145) to the existing O157:H7 regulation (22, 23) . This regulation imposes testing of specified meat products (i.e., ground beef, beef scraps, and machine-tenderized steaks) for these 7 EHEC serogroups. However, detection of non-O157 EHEC strains is particularly challenging because they have no phenotypical characteris-tics that distinguish them from the large number of non-STEC strains that share the same habitats.
The current approach for detecting EHEC in food is to screen first for the presence of the stx 1 /stx 2 genes and the eae gene (the latter is involved in the attaching and effacing phenotype) in DNA made from bacterial enrichment cultures. The CEN/ISO TS 13136 (8) and MLG 5B.01 (23) standard methods require the presence of both the stx 1 /stx 2 and eae genes for further investigation of a suspected EHEC contamination. For this, specific sequences derived from the O-antigen genes associated with the seven priority serogroups are searched. However, the sequences derived from the O-antigen genes of the top 7 EHEC serogroups not only are present in EHEC strains but can be detected in a large number of Stx-negative E. coli strains as well (1) . This sequential approach requires additional time and does not prove that EHEC strains are present in a sample, as multiple E. coli strains reacting with each of the PCRs will generate erroneous results. This is of particular interest in complex samples such as food, fecal, and environmental specimens (5, 9, 19) . As a consequence, the CEN/ISO TS 13136 and MLG 5B.01 standard methods demand EHEC isolation from the sample to confirm that all the detected genes are associated with the particular EHEC strain (8, 22, 23) . However, isolation of EHEC even from positive samples is not always successful and takes up to 4 days for confirmation (10, 20) .
For saving time and money, many laboratories use, therefore, only PCR-based strategies to diagnose the presence of putative EHEC in a test sample. The simple detection of the stx 1 /stx 2 , eae, and O-antigen genes in a food product may often result in its rejection even though it does not contain EHEC strains of the top 7 serotypes. In order to focus microbiological food inspection on the human-pathogenic STEC strains, the choice of selective genetic markers that allow more specifically the identification of the top 7 EHEC serotypes is desirable. In this work, we have introduced the clustered regularly interspaced short palindromic repeat (CRISPR) sequences as suitable genetic markers for selection of EHEC from sample material by PCR. We showed that CRISPRdirected real-time PCR procedures have a higher sensitivity and specificity to the top 7 EHEC serotype strains than any of the O-antigen gene-based real-time PCR protocols.
MATERIALS AND METHODS
Bacterial strains. Strains of E. coli (n ϭ 958) that were investigated for their CRISPR loci by high-throughput real-time PCR are reported in Table 1. The strains were isolated from human patients, animals, and food. Another panel of the E. coli strains investigated in this study includes 33 E. coli O157 strains expressing H types other than H7, namely, O157: H NT /H Ϫ (n ϭ 6), H12 (n ϭ 2), H15 (n ϭ 1), H16 (n ϭ 10), H26 (n ϭ 3), H39 (n ϭ 4), H40 (n ϭ 1), and H45 (n ϭ 6). These were tested only with the O157 CRISPR PCR tests together with a set of 154 additional O157:H7 strains.
E. coli strains were divided into Shiga toxin-producing E. coli (STEC; n ϭ 162), enteropathogenic E. coli (EPEC; n ϭ 307), enterohemorrhagic E. coli (EHEC; n ϭ 362), and nonpathogenic E. coli (n ϭ 127). According to previous nomenclature, EHEC strains were defined as harboring both stx and eae genes, whereas STEC strains carried only one or more stx genes but no eae genes (18) . Nonpathogenic E. coli strains were defined as stxand eae-negative strains.
All strains investigated in this work were identified for the E. coli O (somatic) and H (flagellar) antigens and have been characterized for the stx and eae genes as previously reported (2) . In addition to the E. coli strains, 35 strains of enterobacteria were investigated for their CRISPR loci by high-throughput real-time PCR. They belonged to the following bacterial species: EHEC (n ϭ 362) O103:H25 (n ϭ 6), O103:H2 (n ϭ 37), O111:H8 (n ϭ 49), O118:H16 (n ϭ 3), O119:H25 (n ϭ 4), O121:H19 (n ϭ 23), O123:H11, O127:H8s, O145, O145:H28 (n ϭ 29), O145:H25 (n ϭ 5), O156:H21, O156:H25 (n ϭ 10), O157:H7 (n ϭ 75), O165:H25, O172: H25 (n ϭ 2), O172:NM, O177 (n ϭ 2), O177:H25, O182:H25, O26:H11 (n ϭ 76), a O3, O45:H2 (n ϭ 17), O49:H16, O5 (n ϭ 8), O55:H7, O76:H51, O84:H2, Ont:H2, Or:H16, OX186:H2 EPEC (n ϭ 307) O100:H25 (n ϭ 2), O102:H19, O103:H21, O103:H8, O108:H9 (n ϭ 6), O109:H25, O111:B4, O111:H11 (n ϭ 3), O111:H19 (n ϭ 3), O111:H2 (n ϭ 13), O111:H25 (n ϭ 2), O111:H9 (n ϭ 3), O113:H6 (n ϭ 2), O114:H2 (n ϭ 6), O114:H49 (n ϭ 5), O115:H38 (n ϭ 3), O117:H25, O117:H40b (n ϭ 3), O118:H5, O118:H8a (n ϭ 3), O119:H25, O119:H2 (n ϭ 3), O119:H6 (n ϭ 4), O119:H8 (n ϭ 2), O119:H9, O119s:H2, O121:H19, O121:H45, O123/O4:H45 (n ϭ 2), O123:H25, O125:H6, O125ac:H6 (n ϭ 3), O126:H27, O126:H6, O127, O127:H19, O127:H40 (n ϭ 4), O127:H40b (n ϭ 2), O127:H6 (n ϭ 2), O128:H2 (n ϭ 13), O128:H8, O128ac:H2, O142:H34, O142:H6 (n ϭ 3), O145:H34 (n ϭ 5), O15:H11, O15:H2 (n ϭ 3), O153:H14, O156, O156:H8 (n ϭ 7), O156:H1 (n ϭ 2), O156:H25 (n ϭ 3), O157, O157:H45 (n ϭ 2), O157:H16 (n ϭ 5), O157:H2, O157:H26 (n ϭ 2), O157:H39, O157:H45 (n ϭ 3), O177:H26, O186:H45, O2:H40 (n ϭ 2), O2:H40b, O2:H8, O21:H25, O22:H7, O26:H11 (n ϭ 38), O26:H31, O26:H34, O28:H28 (n ϭ 4), O3:H40b, O3:H5, O3:H8a (n ϭ 3), O37:H10, O4:H16, O45, O45:H2, O45:H11 (n ϭ 3), O45:H9, O49:H10 (n ϭ 2), O49:H Ϫ , O5:H11, O51:H49 (n ϭ 3), O55:H51, O55:H7 (n ϭ 26), O55:H6 (n ϭ 5), O62:H9, O63:H6 (n ϭ 2), O66:H8/8a, O69:H2, O69:H16 (n ϭ 2), O70/O86:H2, O70:H11 (n ϭ 5), O71:H40b, O76:H41, O76:H7 (n ϭ 5), O80:H2 (n ϭ 3), O84:H2, O86:H34 (n ϭ 4), O86:H11 (n ϭ 2), O86:H40, O86:H8 (n ϭ 4), O86:H8a, O88:H8a, O9:H10, OK8:H10, Ont: H10, Ont:H6, Ont:H11, Ont:H14, Ont:H2 (n ϭ 2), Ont:H21, Or:H40b, Or:H8a, Or:H9, OX177:H11 (n ϭ 2), OX177:H6 STEC (n ϭ 162) O100:NM, O101:H Ϫ (n ϭ 3), O104:H7 (n ϭ 2), O105:H18, O109:H Ϫ , O110:H28, O111, O111:H10, O113:H4, O115:H18, O116: H28, O117 (n ϭ 2), O117:H7 (n ϭ 2), O118:H12 (n ϭ 3), O121:H7, O121:H10 (n ϭ 2), O121:H14, O125, O126, O126:H8, O128ab:H2, O130:H11, O136 (n ϭ 2), O138, O139, O139:H1, O141:H4, O141ac, O146:H21, O146:H28, O146:H8, O147, O149: H19, O15:H16, O153:H25 (n ϭ 3), O165:H11, O168:H8, O17/77:H41, O171:H Ϫ , O171:H2, O172:H21, O174:H21 (n ϭ 11), O174:H2, O174:H8 (n ϭ 4), O176:H Ϫ , O178:H19, O179:H8, O181:H49, O2:H25, O2:H27, O21:H21 (n ϭ 3), O22/O83, O22: H16 (n ϭ 2), O22:H8 (n ϭ 3), O23:H15, O3, O39:H48, O40:21, O40:H8, O45:H16, O46:H38 (n ϭ 2), O48:H21, O5, O5:H19, O53, O6 (n ϭ 7), O6:H10 (n ϭ 2), O6:H34 (n ϭ 2), O68:H12, O73:H18, O74:H42, O75:H8, O76, O76:H19 (n ϭ 3), O77 (n ϭ 2), O79, O79:H48, O8:H10, O8:H19 (n ϭ 6), O8:H8, O85:H11, O86, O88:H25, O91 (n ϭ 6), O91:H21 (n ϭ 5), O91: Nucleotide sequence accession numbers. The DNA sequences of the CRISPR loci of the following EHEC strains were identified and submitted to GenBank: EHEC O157:H7 strains CB4095 (accession number JX219753), CLC87 (accession number JX219754), and MF1380NM (accession number JX219755); EHEC O121:H19 strain CB8124 (accession number JX219756); EHEC O45:H2 strain A2619-C2 (accession number JX219757); EHEC O145:H28 strain VTH34 (accession number JX219758); EHEC O111:H8 strains ED313 (accession number JX219759) and EH240 (accession number JX402083); and EHEC O26:H11 strain H19 (accession number JX219760).
RESULTS
Identification of specific DNA sequences targeting the CRISPR loci of EHEC O157:H7. The whole-genome sequences of the 5 strains of EHEC O157:H7 available in GenBank showed a high degree of nucleotide sequence conservation of their CRISPR loci. We identified from our strain collection three E. coli O157:H7 strains which differed for their O157 CRISPR loci. The CRISPR sequences of these strains (CB4095, CLC87, and MF1380NM) have been determined, and based on these sequences and the published CRISPR sequence of the strains EDL933, EC4115, TW14359, Sakai, and Xuzhou21, three real-time PCR assays were designed (SP_O157_A, SP_O157_B, and SP_O157_C) for detecting EHEC O157:H7. The specificity and sensitivity of each assay were first tested against a panel of 958 E. coli strains, including 75 strains of EHEC O157:H7 ( Table 1 ). The PCR tests proved to be highly sensitive and specific for EHEC O157:H7. The sensitivity of the assays ranged from 92.0% to 97.3%, with 69/75 strains being detected with SP_O157_A, 73/75 strains being detected with SP_O157_B, and 71/75 strains being detected with SP_O157_C. The specificity of the PCR tests was high, ranging from 99.7 to 100%. The PCR assay SP_O157_B was the only test reacting with non-O157:H7 strains. It gave positive results with the unique EHEC O55:H7 strain tested and with 2 out of the 26 stx-negative and eae-positive O55:H7 strains tested. By combining the PCR assays SP_O157_B and SP_O157_C, all the 75 EHEC O157:H7 strains were correctly detected (100% sensitivity) and only 3 isolates of serogroup O55 were found positive (99.7% specificity). For further testing the specificity of the O157 CRISPR PCRs, we additionally investigated 33 E. coli O157 strains expressing H types other than H7, namely, H NT , H12, H15, H16, H26, H39, H40, and H45. None of these 33 strains reacted with any of the CRISPR O157 PCR assays. In order to investigate further the sensitivity of the CRISPR O157 PCR assays, we examined 154 additional O157:H7 strains. Only one isolate (strain C799-96) was found negative with each of the CRISPR O157 PCR assays. We showed by PCR flanking the CRISPR locus that this strain has lost its CRISPR locus (data not shown). Altogether, 229 EHEC O157:H7 strains were investigated by the CRISPR O157 PCR assays, resulting in only 1 false negative (99.6% sensitivity) and 3 false positives (99.7% specificity) when 916 non-O157:H7 E. coli strains were tested by the combined set of PCR assays SP_O157_B and SP_O157_C ( Table 3 ). None of the other enterobacteria tested in this study were positive by the CRISPR O157 PCR assays.
Identification of specific DNA sequences targeting the CRISPR locus of EHEC O145:H28. The CRISPR locus of EHEC O145:H28 strain VTH34 has been characterized by sequencing (accession number JX219758). A PCR assay (SP_O145) has been designed from this CRISPR sequence to target EHEC O145:H28. Among the 958 E. coli strains that were investigated with this PCR test, only the 29 EHEC O145:H28 and 4 EPEC O28:H28 strains tested positive ( Table 3 ). Strains of E. coli O145 having an H type other than H28, such as EHEC O145:H25 (n ϭ 5), EPEC O145: H34 (n ϭ 5), and nonpathogenic E. coli O145:H2 (n ϭ 2) strains, tested negative. Sensitivity and specificity estimates of the PCR assay SP_O145 were 100% and 99.6%, respectively. None of the other enterobacterial species tested was found positive by the CRISPR O145 PCR assay.
Identification of specific DNA sequences targeting the CRISPR locus of EHEC O111:H8. Based on the sequence of the CRISPR locus of EHEC O111:H8 strain ED313 (accession number JX219759) and the CRISPR locus of strain 11128 (accession number AP010960), a real-time PCR assay combining one forward primer with two reverse primers and one probe has been designed (SP_O111) to detect EHEC O111:H8 ( Table 2 ). Investigation of 958 E. coli strains by the PCR assay SP_O111 gave positive results for 47 EHEC O111:H8 strains out of the 49 O111:H8 strains tested. Only two EPEC strains of serotype O45:H11 and one non-pathogenic E. coli O45:H11 strain also tested positive. It is noteworthy that E. coli O111 strains with H types other than H8 (O111: H ND , O111:H2, O111:H9, O111:H10, O111:H11, O111:H12, O111:H19, O111:H21, O111:H25, and O111:H45) were found negative regardless of whether they belong to STEC, EPEC, or nonpathogenic E. coli pathogroups. Sensitivity and specificity estimates of this PCR assay were high, 95.9% and 99.7%, respectively ( Table 3 ). The CRISPR locus of the two EHEC O111:H8 strains that tested negative has been sequenced. Strain EH240 (accession number JX402083), which is positive for stx 1 and eae, displayed some spacer deletions in its CRISPR (data not shown) which explain the negative result. The other strain (ED608), which is positive for stx 1 , stx 2 , and eae genes, did not carry a CRISPR locus in this region of the genome and accordingly tested negative by the O111 CRISPR PCR assay. The PCR assay SP_O111 also showed negative results for all the other enterobacteria examined in this study.
Identification of specific DNA sequences targeting the CRISPR locus of EHEC O121:H19. The CRISPR locus of EHEC O121:H19 strain CB8124 has been sequenced in this study (accession number JX219756). A PCR assay (SP_O121) has been designed from this sequence to target EHEC O121:H19. Among the 958 E. coli strains tested by the PCR assay SP_O121, only one STEC O104:H7 strain and 22 out of the 23 EHEC O121:H19 strains tested positive (Table 3 ). This assay also showed positive results for one stx-negative, eae-positive O121:H19 strain and one stx-and eae-negative O121:H19 strain. Interestingly, E. coli O121 strains with H types other than H19 (O121:H7, O121:H10, O121: H11, O121:H14, and O121:H45) were found negative regardless of their E. coli pathogroup. In addition, all the other enterobacteria examined in this study by the PCR assay SP_O121 were found negative. The specificity and sensitivity estimates of the assay were high, 99.7% and 95.7%, respectively.
Identification of specific DNA sequences targeting the CRISPR loci of EHEC O103:H2 and O45:H2. Based on the sequence determination of the CRISPR locus of EHEC O45:H2 strain A2619-C2 (accession number JX219757) and the sequence of the CRISPR locus of EHEC O103:H2, issued from strain 12009 (accession number AP010958), a PCR assay (SP_O45) has been designed and has shown positive results for the 17 strains of EHEC O45:H2, one stx-negative O45:H2 strain, and all the 37 EHEC O103:H2 strains investigated in this study. Thus, the PCR assay SP_O45 has shown high sensitivity (100%) for EHEC O103:H2 and O45:H2. This test has 98.7% specificity when tested on a large panel of E. coli strains, reacting additionally with only 11 strains of the following serotypes: O118:H8, O128:H2, O128:H8, O46:H38, O8:H8, O142, and O145:H2 and one O103 strain that tested negative for the flagellar H2 ( Table 3 ). All other O103 strains (O103: H ND , O103:H8, O103:H21, and O103:H25) and O45 strains (O45: H ND , O45:H4, O45:H9, O45:H11, and O45:H16) did not react with the O103/O45-specific PCR assay. The test found negative all the other enterobacteria examined in this study as well. Identification of specific DNA sequences targeting the CRISPR locus of EHEC O26:H11. Based on the sequences of the CRISPR loci of EHEC O26:H11 strains 11368 (accession number AP010953) and H19 (accession number JX219760), two real-time PCR assays were designed (SP_O26_C and SP_O26_D) for specific detection of EHEC O26:H11 strains. The specificity and sensitivity of the assays were tested against a panel of 958 E. coli strains. These two PCR tests proved to be sensitive and specific for detecting EHEC O26:H11 (Table 3) . Each PCR assay detected 41 strains out of the 43 EHEC O26:H11 strains tested, but the combined usage of the two simplex PCR assays allowed the detection of all EHEC O26:H11 strains (100% sensitivity). The EHEC O26-specific PCR tests detected in addition 29 strains of E. coli O26:H11 which were stx negative and eae positive. It is likely that these strains are remnants of EHEC strains which have lost their stx genes on subculture. It was previously described that such strains are frequent among E. coli O26:H11 isolates and still carry sequences of truncated stx phages in their genomes (3) .
The specificity of the PCR test SP_O26_C was 98.9% (10 non-EHEC O26:H11 strains detected), whereas the specificity of the PCR test SP_O26_D was 98.5% (14 non-EHEC O26:H11 strains detected). By combining the PCR assays SP_O26_C and SP_O26_D, only 23 non-EHEC O26:H11 strains were found positive (97.5% specificity). Interestingly, O26 strains with H types other than H11 (O26:H ND , O26:H31, O26:H34, and O26:H32) were all negative when tested by the PCR assays SP_O26_C and SP_O26_D. The two PCR assays did not detect any of the other enterobacteria investigated in this study.
DISCUSSION
The emergence of O157 and non-O157 EHEC strains in severe and epidemic human disease is of great global concern (4, 7, 8). Non-O157 EHEC strains have been shown to be important pathogens, despite being severely underreported, because in contrast to O157:H7, there are no phenotypical traits that can be used for their specific selection on cultivation media. Current methods for detection of non-O157 EHEC in food samples are based on realtime PCR detection of stx and eae genes followed by detection of EHEC-associated O-antigen genes (O26, O45, O103, O111, O121, O145, and O157) (8, 22, 23) . This approach bears the disadvantage that a large number of non-EHEC strains are found among members of the above-mentioned serogroups (1) .
In order to increase the specificity of the above-mentioned real-time PCR-based detection systems, tests are needed that not only identify the targeted EHEC serogroups but also differentiate between strains of these serogroups that carry EHEC virulence factors and those that do not. In an attempt to identify discriminatory diagnostic primers for identifying with high specificity and sensitivity strains of the top 7 EHEC serotypes, we explored the genetic diversity of the clustered regularly interspaced short palindromic repeat (CRISPR) regions of E. coli. CRISPRs have been identified within the genomes of many bacterial species, including E. coli (14, 21) . CRISPRs encompass tandem sequences containing direct repeats of 21 to 47 bp that are separated by spacers of similar size. Spacers appear to be derived from foreign nucleic acids, such as phages or plasmids (12, 13) , and may protect bacteria from subsequent infection by homologous phages and plasmids (13) . A recent study by Touchon et al. (21) has examined a collection of diverse E. coli strains and demonstrated that approximately 90% of strains cluster into appropriate phylogenetic groups by use of CRISPR analysis. In another very recent study, a single PCR for the CRISPR O104:H4 target proved to be sufficient for a highly specific identification of the recently emerged enteroaggregative E. coli (EAEC) type that has acquired an Stx2 phage (EAEC STEC O104: H4) (6). These findings suggest that the CRISPR locus of E. coli might be closely related to clonal types of E. coli, which are characterized by expression of certain O:H antigens and virulence factors. The present study focuses on the CRISPR loci of EHEC strains associated with the world's most frequent clinical cases with the aim to identify conserved CRISPR motifs associated with EHEC strains of the top 7 serotypes.
Sequencing the CRISPR loci of various EHEC strains has shown the genetic diversity of the CRISPR sequences derived from EHEC O157:H7, O26:H11, O145:H28, O103:H2, O111:H8, O121:H19, and O45:H2 strains. Analysis of the spacer sequences located between the short palindromic repeats within the CRISPR loci allowed identification of useful genetic markers able to detect with high sensitivity (95.65% to 100%) and specificity (97.5% to 100%) EHEC strains of the top 7 serotypes. Interestingly, the CRISPR PCR assays developed in this study strongly correlated with both O:H serotypes and the presence of EHEC virulence factors (stx and eae genes). Strains belonging to the top 7 serogroups but with H types different than the above-mentioned H types tested negative regardless of their E. coli pathogroup. These findings support clearly the application and utility of the CRISPR loci in identification and molecular serotyping of EHEC O157:H7, O26:H11, O145:H28, O103:H2, O111:H8, O121:H19, and O45: H2. The CRISPR PCR assays showed negative results for all the other enterobacteria investigated in this study. In conclusion, the CRISPR sequences chosen for simplex real-time PCR amplification of EHEC strains belonging to the top 7 EHEC serotypes differentiated clearly between EHEC and non-EHEC strains. The number of strains and the diversity of serotypes and pathogroups that were investigated in this study provide a solid base for a future utilization of the CRISPR real-time PCR tests not only on pure bacterial isolates but also on food and stool samples. These assays would work potentially with DNA extracted from enriched food (19) or stool samples (26) suspected to be positive. This needs to be confirmed with further evaluation of the CRISPR PCR tests on spiked and naturally contaminated samples. A complete evaluation of these tests in real samples will be crucial to definitively know how they can be applied in EHEC surveillance and outbreak investigations.
